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ABSTRACT ARTICLE HISTORY

This article examines the convergence of the R&D expenditure in Received 25 October 2019
the EU28 for 2004-2015. We initially run a sigma convergence Accepted 9 April 2020
analysis and the results show convergence in the total expend-
iture, due to the behaviour of the business and higher education
sectors, despite government sector divergence. However, notice-
able differences between the EU15 and 13 EU countries are
apparent. The business enterprise sector is the main driver of
EU15 R&D convergence, whereas for the EU13 this role is played JEL CODES
by the government expenditure. In addition, the economic crisis H5; 03; 04
has impacted differently on both groups. The club convergence

approach allows us to explore these insights through individual-

ized analysis and clusterization. Results for the EU28 show two

clubs for the total expenditure, but the analysis of its components

reveals a larger grouping. Our results evidence the necessity of

revising the EU R&D policies towards greater coordination and

resources, and the implementation of new instruments, due to

the impact of this expenditure on growth, development and

integration.
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1. Introduction

Research, development and innovation (R&D&I) has a significant role in economic
growth. The endogenous growth models, proposed by authors such as Romer (1986,
1990), Guellec and Ralle (1991), Aghion and Howitt (1992, 1997) and Grossman and
Helpman (1994), have contributed to highlight the task of R&D&I as a fundamental
factor for medium- and long-term economic growth. However, R&D&I does not only
stimulate total factor productivity and economic growth; it also helps to tackle some
of the main social and environmental challenges. Beyond its growth link, R&D&I
allows the production of more and new goods and services with lower consumption
of non-renewable resources, reducing the negative externalities associated with pro-
duction. Otherwise, as these models are based on positive externalities and incomplete
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appropriability of knowledge, they also contribute to legitimating public intervention
as an appropriate instrument for accelerating economic development.'

These reasons seem to have been appreciated by EU institutions, which, since the
Lisbon strategy, on several occasions have reaffirmed their commitment to R&D&I
policies, which have been introduced as goal number 9 of the 2030 Agenda for
Sustainable Development (United Nations).” Consequently, the budgets of the
research Framework Programmes (FPs) have grown exponentially, from the 3.3 bil-
lion euros of the first FP, launched in 1984, to the 80 billion euros of Horizon 2020.
Furthermore, the Research, Innovation and Science Policy Experts (RISE) high-level
group, created in 2014, has proposed to double this budget or, at least, the mainten-
ance of this growth rate, which would lead to a 7-year budget of more than 120 bil-
lion euros in current prices for the next period.

However, Horizon 2020 is not an isolated scheme; there are other outstanding
R&D&I-orientated programmes within the EU. The COSME’ programme and the
structural funds are designed to promote the R&D&I development of small and
medium enterprises (SMEs) and European regions. In fact, R&D&I investment has
become the favourite tool of the EU institutions to boost not only economic growth
but also regional development and income convergence among the European regions.
The cohesion policy has been greatly reoriented according to the ‘Smart
Specialization Strategy’ to boost the regional R&D&I investments and to adapt them
to the specific needs and potential of each territory as the best way to maximize their
rates of return and economic development.*

This shift in the regional policy is coherent with the new economic theories,
since convergence was the expected result of the neoclassical models of economic
growth (through the equalization of the capital rates of return), but it is not the
expected outcome of the endogenous growth models. Unlike neoclassical theory,
endogenous models have often been used to explain the non-convergence of coun-
tries’ growth in the long term, ruling out automatic equilibria and opening the
door to public intervention.” That is why R&D&I public policies assume, and
some authors have highlighted,® that long-run income convergence demands
the following:

1. The less competitive countries invest more in R&D&I than the competitive ones.
2. These investments in R&D&I lead to innovation and new technologies that
enhance economic competitiveness.

Without own R&D&I, we would be able to observe a short-term catching-up pro-
cess due to capital investments because of the higher rates of return on capital and/or
the absorption of foreign technologies (frequently associated with foreign direct
investment) but not as a result of productivity improvements related to R&D&IL” On
the other hand, to transform new technologies into innovation in the practice and
economic growth, a country needs a combination of other factors, such as open and
competitive product markets that allow the entry of new firms, effective intellectual
property rights, access to researchers and skilled labour, and capital markets that give
innovators access to funding, among others.
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However, despite the importance of R&D&I investment for economic development
and thus for the cohesion policy, few papers to date have addressed the convergence
of R&D&I expenditure among European countries and regions, usually devoted to
income or prices convergence. We review those papers in Section 2.

Motivated by the significant role of R&D&I in the economy and development and
the scarce literature on the convergence in the EU -an especially interesting case of
study by the integration process-, we carry out a convergence study of R&D expend-
iture in the EU with the following objectives: i) determine whether there has been a
sigma convergence process; ii) establish groups or clubs of countries, through an
endogenous identification process without pre-established criteria; iii) study whether
the clubs present relative convergence (convergence in the expenditure growth rates)
or absolute convergence (convergence in expenditure level); and iv) analyse whether
the economic crisis has affected the (sigma) convergence process.

We contribute to the literature in several ways. We apply the club algorithm devel-
oped by Phillips and Sul (2007) to cluster the EU Member States jointly with a previ-
ous and preliminary analysis of sigma convergence, noting that this is the first paper
devoted to club convergence in R&D expenditure among European countries. In add-
ition, we analyse the total expenditure on R&D over the GDP and its three compo-
nents or sectors — government, business enterprise and higher education - for the
EU28 in the period 2004-2015. Finally, we also perform the exercise for the EU15
and the rest of the Member States, denoted as the EU13, seeking different patterns
across these two groups of countries. Our empirical exercise will offer new insights
about the convergence of R&D expenditure in European countries under the assump-
tion that the club convergence pattern prevails over the full convergence hypothesis.

The paper is organized as follows. We review the previous literature in Section 2.
Section 3 describes the methodology, while Section 4 presents the data. Section 5 con-
tains the main results. Finally, Section 6 concludes.

2. Literature review

The convergence of R&D&I expenditure or related indicators among European coun-
tries and regions has been studied in relatively few papers.® Martin et al. (2005)
employed a beta and sigma convergence analysis to explore the dynamics of the spa-
tial distribution of regional technology indicators in the EU in the period 1990-2000
and its impact on cohesion. They found that some technology indicators converged
among regions during the 1990s (especially public R&D spending). Nevertheless, the
total R&D expenditure diverged across regions over time, due to an asymmetric
expansion of private R&D activities during the second half of the decade.
Mulas-Granados and Sanz (2008) studied the relationship between convergence in
technology and convergence in income across EU regions during the period
1990-2002. Using the R&D expenditure of all sectors as a percentage of the GDP as
the technology input indicator, patents per million people as the output indicator,
and regional income per capita, they carried out a convergence analysis, including
sigma convergence. They found that the input and output technology indicators had
converged among regions and that it had run parallel to real convergence in income
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per capita. Furthermore, they identified a strong relationship between the distribution
of technology indicators and the distribution of regional income in Europe.

In addition, other studies have widened the scope of the analysis to consider
other indicators of technological progress, not only R&D expenditure and its com-
ponents. Hence, Archibugi and Filippetti (2011) explored the convergence among
European Members States in terms of innovation capabilities in the period
2004-2008. They carried out a beta convergence analysis of the Summary
Innovation Index (SII) of the European Innovation Scoreboard and its seven sub-
indexes. The results show the achievement of convergence in technological
capabilities and innovation performance across European countries for this period,
especially for some sub-indexes, such as ‘Finance and Support’ (which includes pub-
lic R&D) and ‘Throughput’ (which includes the registration of patents, trademarks
and designs). However, it should be noted that their analysis, with data extending
to 2008, is not able to address the real impact of the economic crisis on R&D&I
convergence.9 In fact, in the ‘European Innovation Scoreboard 2017’, we find con-
trary evidence to past reports in which less innovative countries improved their per-
formance faster than more innovative countries. In that report, the authors
concluded that there has been no convergence in innovation performance between
Member States, due mainly to the dispersion of business R&D expenditure
(BERD)' among European countries.

These results were partially ratified by Veugelers (2017), who used sigma conver-
gence to measure the dispersion of scoring of European Member States on the
Innovation Union Scoreboard composite indicator for the period 2008-2015 and
some of its components. She showed that the heterogeneity among the EU countries
holds across all the indicators of innovation but is especially intense for business
R&D. Despite this heterogeneity, there has been some convergence in private-sector
R&D in recent years due to a combination of top countries losing their lead and
EU13 countries achieving a significant advance, while the so-called EU15-South
group has lacked any catching-up trend. Regarding the public R&D expenditure as a
percentage of the GDP, she found that it increased over time for the EU. However,
this increase stopped in 2010. The EU innovation-leading countries (above the aver-
age of the innovation score) are spending the most on public R&D as a share of their
GDP, and they have even increased this share over time. The innovation-lagging
countries (below the average of the innovation score) show no catching up, with par-
ticularly the EU15-South continuing to lag.

More recently, Barrios et al. (2019) studied the convergence of the innovation
activity among the European regions in 2002-2012. They identified seven conver-
gence clubs for the patents as a proxy for innovation activities.

3. Methodology

In this section, we present the methodology of Phillips and Sul (2007) to test for
club convergence. They considered panel data for a variable y;, i=1, 2, ..., N and
t=1, ..., T, (where N and T represent the number of countries and the sample size,
respectively), and the model:
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Vit = <git : a”) W, = duh, , for all i and t (1)

t

where 1, is a common component and J; is a time-varying idiosyncratic component
that measures the individual economic distance between the common trend compo-
nent and y;.
Phillips and Sul (2009) modelled the time-varying behaviour of the transition coef-
ficients §;; in the semiparametric form:
G

Ot = 8; + Cit&it, Oit = Tog(6)*” ;>0 (2)

where 9; is fixed, €; is iid(0,1) across i but may be weakly dependent over ¢ and «
measures the speed of convergence. Under this specification, 8; converges to the con-
stant 0; as t — oo for o> 0.

The hypothesis of interest is convergence among all countries or overall conver-
gence (Hy: &; =0 for all i, with oo > 0), against the alternative hypothesis of no
convergence for a particular country or countries. The latter includes overall diver-
gence (Hy : 8; =0 for all i, with o < 0) or the case in which sub-panels of coun-
tries converge to different steady states, or club convergence, with possibly diverging
countries (Hy : §; # & for some i, with o> 0, or o < 0).

Since p, is a common factor in (1), it may be removed by scaling to give the rela-
tive transition coefficients:

_ Yit _ it
N-! Zilyit N-! EiIBit

hit 3)

hy is the ‘relative transition path’ in the sense that it traces an individual trajectory
over time for country i relative to the panel average and can be considered to be
economy i’s relative departure from 1, reflecting possible divergences from it.

From some statistical properties of h; and the cross-sectional variance of hy
(Hi= NN, (ha — 1)*) under convergence, Phillips and Sul (2007) proposed the
‘log ¥ convergence test, which involves running the following OLS regression with a
robust covariance matrix:

log <Zt> — 210g(log(t)) =c+b log (t) + uy (4)

for t=[rT], [rT]+1,...,T, with r>0, normally in [0.2, 0.3)," [rT] being the integer
part of rT.

Under the null of convergence, coefficient b provides a scaled estimator of the
speed of convergence parameter «, since b =_20. Thus, convergence can be tested by a
one-sided ¢ test of >0 (using the estimate b and HAC standard errors), being
rejected at the 5 per cent significance level if t; <—1.65.

Since o measures the speed of convergence of d;, not only the sign but also its
magnitude is of interest. Hence, the estimate b >2 (& >1) implies absolute
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Table 1. Descriptive statistics.
Total Government Business enterprise Higher education

2004 2008 2015 2004 2008 2015 2004 2008 2015 2004 2008 2015

Mean* 1.30 1.44 1.63 0.18 0.20 0.21 0.79 0.87 0.97 0.31 0.36 0.44
St. Dev.  0.84 0.88 0.82 0.08 0.08 0.10 0.67 0.72 0.66 0.19 0.19 0.23
Min. 0.34 0.39 0.46 0.01 0.02 0.05 0.07 0.09 0.08 0.02 0.04 0.05
Max. 3.39 3.55 3.26 0.35 0.36 0.43 249 2.63 2.27 0.78 0.76 1.08
Range 3.05 3.16 2.80 0.34 0.34 0.38 242 2.54 2.19 0.76 0.72 1.03

*Note: unweighted average. Source: Eurostat and own elaboration

convergence, that is, convergence to a club-specific expenditure level over the period
(i.e. convergence in level), while 0 < b<2 (0 < a < 1) involves convergence in a
relative sense, indicating that the differentials tend to decrease over time (i.e. conver-
gence in growth rates).

When the null of convergence in the panel is rejected, Phillips and Sul (2007) pro-
posed the application of a four-step clustering algorithm to detect clubs that converge
in the panel.

The main steps can be summarized as follows: 1) Sort the countries into descend-
ing order on the basis of the last observation. 2) Form a core club. 3) Sieve the data
for new club members and run the log ¢ test in order to check if a convergence club
is obtained. 4) Run the log ¢ test on the non-selected countries in step 3. If the ¢ stat-
istic is greater than -1.65, conclude that there are two convergence clubs. Otherwise,
repeat step 1 to step 3 to detect sub-convergence clusters. If no other clubs are
detected, conclude that the remaining countries display divergent behaviour.

Finally, the clustering procedure allows us to study evidence of convergence
between neighbouring members of different clubs. The analysis is performed by run-
ning the log ¢ test including a fraction of 50 per cent of the lowest members of the
upper club together with a fraction of 50 per cent of the highest members of the
lower club.

4. Data

We use data for the EU28 from Eurostat, and the available period is 2004-2015."
The data reflect the total expenditure on R&D over the GDP'? and three components
as a function of the sectors (data by sector of performance, not by source of funds'*):
government, business enterprise'” and higher education. Table 1 contains the descrip-
tive statistics,'® and the evolution of the magnitudes is presented in Figure 1. The
increase in the (unweighted) average from 1.30 per cent in 2004 to 1.63 per cent in
2015,"” due especially to the rise in the business enterprise sector (from 0.79 to 0.97)
and higher education (0.31 to 0.44), should be noted. However, the government sec-
tor presents a modest increase (only from 0.18 to 0.21). Note that the objective of the
EU is to reach 3 per cent over the GDP of the (weighted) average in 2020, so a great
effort is still necessary to achieve this target.

The increase in the total expenditure in the first years of the crisis, 2008-2012,
should be noted, but since then the expenditure has remained at the same level.
Additionally, the heterogeneity between the EU15 and the EU13 is remarkable.
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Figure 1. Evolution of the R&D expenditure in the EU28. Source: Eurostat and own elaboration

5. Results
5.1. Sigma convergence

As an exploratory analysis, it is interesting to study the time evolution of the disper-
sion through a sigma convergence analysis approached by the coefficient of variation
over time (CV,). Hence, we compute the cross-section dispersion each year.
Additionally, we compute the unconditional test of sigma convergence by regressing
the dispersion measure against the time (=1, 2, ..., T) and the annual rate of
c-convergence (7):

CVi= a+pt (5)

cve \7'
Y= <C—V1_1> (6)

The results of the sigma convergence for the EU28 are presented in Figure 2a,
with G-convergence for the total, business enterprise sector'® and higher education
sector, but o-divergence for the government sector.

With the aim of obtaining more detailed results, we perform the unconditional test
of sigma convergence for the EU28 as well as for the EU15 and the EU13, whose
trends are presented in Figure 2b,c. The results are summarized in Table 2.

For the EU28, the test confirms the conclusions described above from the graph-
ical analysis, with annual rates of sigma convergence of -2.05, —1.86 and -1.16 per
cent for the total, business enterprise and higher education sectors, respectively.
Additionally, the government sector presents an annual rate of sigma divergence of
0.49 per cent.

For the EUIS5, the results evidence G-convergence in the total expenditure (with
vy = —1.64) and the business enterprise sector (y = —1.42) but strong c-divergence
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2.a. EU28

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

P ekl Ty it

S cccasemc e, "~

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All sectors === (Government sector

= == Business enterprise sector ****** Higher education sector

2.b. EU15
0.6

0.5 ’:_=.--_--—-=

W--v'

0.4 R L Lesetoteer

—

0.3

0.2

0.1

0.0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All sectors === (Government sector

= == Business enterprise sector ****** Higher education sector

2.c. EU13

1.0
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1
0.0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

All sectors === (Government sector

= == Business enterprise sector ****** Higher education sector

Source: Own elaboration.

Figure 2. Sigma convergence. Source: Own elaboration.
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in the government sector (y = 2.01), whereas the results for the higher education sec-
tor are not significant.

Finally, when the EU13 is analysed, the o-convergence is only present in the gov-
ernment sector (y = —1.28), for which we conclude o-divergence both for the EU28
and for the EUI5. In the total and business enterprise sectors, the test points out
o-divergence (y = 0.26 and 0.39, respectively), whereas the results for the higher edu-
cation sector are not significant.

It should be noted that, in higher education, we observe a G-convergence process
in the EU28 but not in the EU15 nor EU13 separately. More specifically, the coefti-
cient in the EUI5 is negative but no significant. The o-convergence is measured
regarding the average of the group and hence different results can be achieved
between the overall sample and subsamples, taking into account that the overall result
is not the simple average of the subsamples.

The economic crisis and its different impacts on public deficits could be the reason
behind public R&D expenditure divergence in the EU15 after 2008. Public deficits,
on average, grew more in the EU15 countries than in the EU13, due to the shock suf-
fered by countries such as Greece, Spain, Ireland, Portugal and the United Kingdom,
which reached deficits above 10 per cent between 2009 and 2010.'° However, other
EU15 countries, like Sweden, Finland, Luxembourg and Denmark, kept their deficit
under control. This divergence of the public deficit trends among the EU15 countries
after the economic crisis could be related to the R&D expenses’ divergence, first
because the impact of the crisis on the public income, and thus on the government’s
capability to finance R&D expenses, differed quite considerably among the EUI15
countries, but also because the austerity policies undertaken to tackle the crisis
were diverse.

On the other hand, the EU13 public expenditure on R&D converged during the
period studied through a rate close to 0.2 per cent of the GDP. Some countries that
were previously above this rate, such as Slovenia, Hungary and Croatia, reduced the
share of their R&D expenses, while others that were earlier below that level, like
Malta, Estonia, Latvia and Romania, increased their expenditure. Only the Czech
Republic and Slovakia boosted their outlay well above the trend.

These results evidence different patterns among the European countries, so the
club convergence analysis will yield interesting information about their clustering.

5.2. Club convergence

The results of the club convergence approach are reported in Tables 3 and 4. The
average rates across clubs are presented in Figure 3 and the average relative transition
curves for each club in Figure 4.

The null of full convergence, for the total expenditure as well as for the three sec-
tors, is rejected at the 5 per cent significance level. Therefore, the club convergence
algorithm is implemented to determine whether any subgroups of countries converge.
The results indicate the presence of different numbers of clubs.
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Table 4. Summary of the results by country.

Country Total Government Enterprise Higher education
Belgium Club1_High Club2_Med+ Club1_High Club2_Med+
Bulgaria Club2_Low Club2_Med+ Club1_High Club6_Low-
Czech Republic Club1_High Club1_High Club1_High Club1_High
Denmark Club1_High Club3_Med- Club1_High Div_High-++
Germany Club1_High Club1_High Club1_High Club2_Med-+
Estonia Club2_Low Club2_Med+ Club2_Low Club1_High
Ireland Club2_Low Club4_Low Club1_High Club4_Low+
Greece Club2_Low Club2_Med+ Club1_High Club2_Med+
Spain Club2_Low Club2_Med+ Club1_High Club4_Low+
France Club2_Low Club2_Med+ Club1_High Div_Med++
Croatia Club2_Low Club2_Med+ Club2_Low Club5_Low
Italy Club2_Low Club2_Med+ Club1_High Club3_Med-
Cyprus Club2_Low Club4_Low Club2_Low- Club_Med-
Latvia Club2_Low Club2_Med+ Club2_Low Club3_Med-+
Lithuania Club2_Low Club2_Med+ Club2_Low Club1_High
Luxembourg Club2_Low Club1_High Club2_Low Club2_Med+
Hungary Club2_Low Club2_Med+ Club1_High Club5_Low
Malta Club2_Low Club1_High Club2_Low Club2_Med-+
Netherlands Club1_High Club2_Med+ Club1_High Club2_Med-+
Austria Club1_High Club2_Med+ Club1_High Club1_High
Poland Club2_Low Club2_Med+ Club1_High Club3_Med+
Portugal Club2_Low Club4_Low Club2_Low Club2_Med+
Romania Club2_Low Club2_Med+ Club2_Low Club6_Low-
Slovenia Club1_High Club2_Med+ Club1_High Club4_Low+
Slovakia Club1_High Club1_High Club2_Low Club1_High
Finland Club1_High Club2_Med+ Club1_High Club1_High
Sweden Club1_High Club3_Med- Club1_High Div_High-+
United Kingdom Club2_Low Club3_Med- Club1_High Club3_Med-
Source: Own elaboration.

Total

Clbl ===Club2
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Business enterprise
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Government

Figure 3. Average across clubs. Source: own elaboration.
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5.2.1. Total expenditure
We can distinguish only two large clubs, the first one formed by the high-innovation
countries, comprising Austria, Sweden, Denmark, Finland, Germany, Belgium,
Slovenia, the Netherlands, the Czech Republic and Slovakia. The five-year average

Higher education
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Figure 4. Average relative transition curve for each club. Source: own elaboration.

(2011-2015, as the averages mentioned in the rest of the section) is 2.480, opposite to
the 1.196 of club 2. In line with this result, the relative transition parameters in club
1 are above 1, while the values corresponding to club 2 remain below 1, showing
some parallelism between the two paths and no trend towards convergence.

5.2.2. Government sector

Now the algorithm leads to four clubs: the first contains Germany, Luxembourg, the
Czech Republic, Slovakia and Malta, countries with high government expenditure on
R&D (the average is 0.289), except Malta, which is integrated into this club because
of its high increase in the period, from 0.01 to 0.13; the third club is formed by
Denmark, Sweden and the United Kingdom, where this expenditure is medium-low,
with an average of 0.109; and the fourth club contains Portugal, Cyprus and Ireland,
with the lowest expenditure in the EU (mean of 0.075). The second group absorbs
the rest of the countries, with medium-high expenditure and an average of 0.214.

It is worth emphasizing that countries such as Sweden or Denmark, with high total
expenditure, present low expenditure at the government level. For example, in Sweden,
the total expenditure in 2015 accounts for 3.26 per cent of the GDP, the highest in the
EU28, but the government expenditure is only 0.11 per cent, ranked in twenty-fourth
position. The business enterprise sector represents 2.27 per cent, showing the commit-
ment of firms*® to the research and innovation process in those countries.

Club 1 shows a noticeable upward trend in its relative transition paths (mainly
from 2007), while the opposite behaviour is found in clubs 3 and 4. Meanwhile, the
mean of the countries that form club 2 tends to the mean of the EU28 states.

5.2.3. Business enterprise
In this sector, the methodology leads to two clubs, as for the total expenditure. It
should be noted that this sector is the most relevant to the composition of the
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Table 5. Transitions between clubs.

Clubs t b(se)
a) Total Club 1 + club 2 —5.953% —0.832 (0.140)
b) Government Club 1 + club 2 1.037 0.251 (0.242)
Club 2 + club 3 1.011 0.362 (0.358)
Club 3 + club 4 0.678 0.329 (0.485)
¢) Business enterprises Club 1 + club 2 0.828 0.095 (0.114)
d) Higher education Club 1 + club 2 4,198 2.132 (0.508)
Club 2 + club 3 4,936 0.686 (0.139)
Club 3 + club 4 8.200 1.331 (0.162)
Club 4 + club 5 0.317 0.180 (0.569)
Club 5 + club 6 —3.099* —2.277 (0.747)

Source: own elaboration.

expenditure (0.97 out of 1.63 in 2015). The second club, with low expenditure, con-
sists of Estonia, Luxembourg, Portugal, Croatia, Malta, Slovakia, Lithuania, Romania,
Latvia and Cyprus, presenting a mean of 0.416, whereas the rest of the countries con-
form to the first group of high expenditure, which is composed mainly of EU15
countries and has an average of 1.278. The relative transition curves’ behaviour is
similar to that corresponding to the total expenditure, showing a slight change from
2011 and no trend towards convergence.

5.2.4. Higher education

Here the heterogeneity captured by the algorithm is the greatest and hence the results
show six clubs and three divergent countries: Denmark, Sweden and France. The first
club - high expenditure, with a mean of 0.571 - includes Austria, Finland, Estonia,
Lithuania, Slovakia and the Czech Republic. The second group comprises the
Netherlands, Portugal, Germany, Belgium, Greece, Malta and Luxembourg; its average
is 0.424. Then, the United Kingdom, Italy, Latvia, Poland and Cyprus belong to the
third club - with a mean of 0.326 - and Spain, Ireland and Slovenia to the fourth
one — with an average of 0.324. It should be noted that these two clubs present simi-
lar averages. Clubs 5 and 6 contain the countries with very low expenditure in the
higher education sector: Croatia and Hungary, and Romania and Bulgaria, with aver-
ages of 0.204 and 0.071, respectively.

The divergent behaviour corresponding to Denmark and Sweden (mainly the for-
mer, whose transition parameters are gradually moving away from 1) is remarkable.
Club 1 also shows an upward trend and transition parameters above 1, as evidence of
the effort of these countries in higher education. Meanwhile, club 2 shows values
around the mean, whereas the transition parameters in clubs 3-6 are below 1 and do
not show a trend towards convergence to this value.

In most cases, the results evidence relative convergence or convergence in the
growth rates, with modest speeds of club convergence. We observe just one case of
absolute convergence (or convergence in level): club 5 in higher education, with a
speed of 4.199. Note also that, in some cases, the point estimate in the log ¢ test is
negative, although the null of convergence is not rejected.

Finally, Table 5 examines the evidence of transitioning between clubs to investigate
whether part of a convergent club tends to approach another club or the possibility
of sequential club convergence whereby part of one club moves towards another club.
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For that, the log t test is run for the 50 per cent of the lowest members in the upper
club and the 50 per cent of the highest members in the lower club.

The test strongly rejects transitioning for the total expenditure, but we find some
evidence of transition in all the subgroups. In particular, the data support relative
convergence in the government sector between the highest countries in club 2 and
the lowest in club 1 and the same for clubs 3 and 4. Thus, these groups of countries
may be understood to be in a state of transition. Transition is also found in the busi-
ness enterprise sector and most of the higher education clubs.

We repeated the club convergence analysis considering the EU15 and EU13 coun-
tries. The results are reported in Tables 6 and 7.

5.2.5. EU15

Focusing on the total expenditure, we identify three clubs plus a divergent country,
France. Club 2 comprises the United Kingdom, Ireland, Italy and Greece and Club 3
Luxembourg, Portugal and Spain. These two groups present similar averages, around
1.3 per cent. It is worth noting that Ireland, the United Kingdom and Luxembourg
are aligned with the southern countries. The rest of the countries appear in club 1 of
high expenditure. In the case of the government sector, the states are arranged into
four clubs. Germany and Luxembourg form the high-expenditure club 1, while the
United Kingdom, Sweden and Denmark on one hand and Portugal and Ireland on
the other hand present low expenditure. The analysis of the business sector leads to
three clubs, with club 1 formed by Sweden, Austria, Germany, Finland, Denmark,
Belgium, France and the Netherlands with high expenditure; their average is 1.827
per cent. Finally, in the higher education sector, we again appreciate substantial het-
erogeneity, with four clubs and three divergent countries, Denmark, Sweden
and France.

5.2.6. EU13

In the aggregate expenditure, the algorithm detects only two clubs: Slovenia, the
Czech Republic and Slovakia, (precisely the countries grouped into club 1 in the
EU28, with an average of 1.713), and the rest, for which the mean is 0.880. The case
of Slovenia is particularly interesting: in 2015, the total expenditure reached 2.21 per
cent of the GDP, the eighth in the EU28; the government expenditure is 0.30 — the
fifth - and the business enterprise expenditure represents 1.69 per cent of the GDP,
being the seventh in the European ranking. On the other side, the higher education
sector accounts for only 0.23 per cent of the GDP in Slovenia, falling to the twenty-
fourth position in the EU28. The government side reveals two clubs plus a divergent
country, Cyprus. In the business sector, we again detect two clubs and four divergent
countries (Slovenia -with expenditure clearly above the rest - and Romania, Latvia
and Cyprus, below the two clubs). Finally, the higher education sector again shows
the highest fragmentation, with three clubs, Romania and Bulgaria being the coun-
tries belonging to the low-expenditure club.
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5.3. Discussion

Our results support the sigma convergence in the R&D expenditure in the EU28 as a
whole, but differences arise when distinguishing the EU15 and EU13. The results also
support our preliminary hypothesis about the prevalence of clubs of convergence
over the full convergence, and reveal two groups in the total expenditure, being
the heterogeneity larger in the disaggregated analysis of the expenditure by sector
of performance. These achievements denote a clear (at least) dual pattern or centre-
periphery in European R&D.*!

In addition, and regarding the economic crisis, the sigma convergence results evi-
dence an impact on government and higher education expenditures, with c-convergence
in the period 2004-2008, but o-divergence onwards. And the separated analysis of
EUI15 and EU13* also reveals a larger impact of the crisis on the convergence process
of the second group, denoting its larger weakness in R&D facing recessions.

Taking into account that the EU pursues a smart, sustainable and inclusive growth,
where knowledge and innovation should play a relevant role in the current and future
economy,” these results evidence the need of a bigger European budget for R&D&I,
promoting the convergence among the countries, regions and cities as the best way to
encourage the economic growth and reduce the disparities in income and productiv-
ity across territories. In this sense, the Smart Specialisation Strategies can be good
instruments for those aims, although new tools must be developed to accomplish the
digital transformation of the economy within the Fourth Industrial Revolution and
the extension of artificial intelligence. The firm survival will depend on the innov-
ation capacity and the R&D efforts and the EU needs to revise the strategies, resour-
ces and instruments.

Regarding previous studies, this work analyses the period 2004-2015 and it focuses
on the R&D expenditure by European countries; hence the results are not directly
comparable with other analyses as this is the first study devoted to the search for
convergence clubs in this main measure of R&D in EU countries, and related empir-
ical studies focused mainly in the 90s (e.g. Martin et al., 2005; Mulas-Granados &
Sanz, 2008). In any case, as stated above, our results partially coincide with Izsak and
Radosevic (2017), who analyse the EU28 and the period 2006-2013, as they con-
cluded that the R&D&I policies have reinforced the divergence between the
Northwest and the South. In addition, our results also support the conclusion by
Veugelers (2017), who analysing the Innovation Union Scoreboard composite indica-
tor for 2008-2015, finds notable differences or divergences among the Innovation
Leaders in the North and Innovation Laggards in the South and East.

Finally, it should be noted that the recent Brexit will probably have effects on the
European budget and hence will impact on the resources devoted to R&D in
Europe and on the fund-receiving countries. Additionally, Horizon Europe, the new
research and innovation framework, will have an impact on the national R&D
expenditures and it will surely affect the expenditure convergence process. The suc-
cess of this new R&D framework, regarding both the resources and the policies or
instruments, will be essential for the income and productivity convergence among
European countries.
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6. Conclusions

R&D&I expenditure plays an important role in economic growth, as stated in the
endogenous growth models, and consequently also in some key policies of the EU,
such as the regional development and cohesion policies. In fact, EU institutions have
committed increasing sums to different programmes, such as Horizon 2020 and
COSME. However, recent studies, such as the European Innovation Scoreboard 2017
and Veugelers (2017), have suggested that the economic crisis could have exerted an
impact on the previous R&D expenditure convergence trends.

In this paper, we study the evolution of the R&D expenditure in the EU28 for the
period 2004-2015, paying attention not only to the overall expenditure but also to
the three major components or sectors — government, business and higher education.

The results of a sigma convergence analysis show that total R&D expenditure
convergence continued throughout the period, due to convergence in the business
and higher education sectors and despite government expenditure divergence.
Furthermore, noticeable differences between the EU15 and the other 13 EU countries
are reported. The business enterprise sector is the main driver of EU15 R&D conver-
gence, whereas for the EU13 this role is played by the government expenditure.

In fact, the data show that the economic crisis especially impaired government
expenditure convergence within the EU15 members, as their public deficits and budg-
ets were also affected on quite different scales.

Club analysis is employed to deepen these insights. The club convergence approach
for the EU28 shows two clubs for the total expenditure, but the analysis of its compo-
nents reveals a larger grouping: four clubs in the government case, two clubs on the
business enterprise level and six clubs in the higher education sector. The study for
the EU15 and the EU13 shows a specific grouping and different patterns that are not
captured by the overall analysis.

The results achieved in this study evidence the necessity of revising the EU R&D
policies, with significant positive externalities, towards greater coordination and
impetus, due to the impact of this expenditure on growth and development and
hence on European integration. The EU programmes and policy have been shown to
be insufficient to maintain government expenditures on R&D on the convergence
path, particularly when an economic crisis influences their budgets unequally. In add-
ition, the current state of the European Union, with the exit of the United Kingdom
and its effects on the European budget and hence on the cohesion policies, constitutes
an additional risk to the achievement of the objectives of expenditure on research
and innovation.

Finally, it should be pointed out the limitations of the present study, as the length
of the series analysed (2004-2015), in order to take into account all the EU28 coun-
tries. In addition, as it has been shown in the manuscript, the evolution of the
expenditure on R&D can be studied from several perspectives and we have tried to
overcome this drawback with complementary analyses included in the Appendices,
specifically with data by source of funds and also in per capita terms, reinforcing the
conclusions of the study due to the similarities found in the different analyses. On
the other hand, as future research, it will be interesting to analyse whether the Brexit
will have impact on the convergence or divergence process of R&D expenditure, as
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the UK was a net contributor and hence the European funds can be reduced with the
consequent effects on fund-receiving countries. In addition, Horizon Europe, the new
research and innovation framework, will have an impact on the national R&D expen-
ditures and the results can be analysed within a few years.

Notes

1.

10.

11.
12.

13.

As Romer (1986, p. 1003) stated: ‘investment in knowledge suggests a natural externality.
The creation of new knowledge by one firm is assumed to have a positive external effect
on the production possibilities of other firms because knowledge cannot be perfectly
patented or kept secret’. Thus, unlike neoclassical models, these models legitimize public
intervention supporting education and R&D&I. In addition, Brown et al. (2017, p. 447),
in their recent study for OECD countries and focusing on the high technology R&D,
concluded that ‘domestic policies directly dealing with appropriability and financing
problems may be more effective than traditional tax subsidies at promoting the
innovative investments that drive economic growth’. It also should be remarked the
theoretically work by Howitt and Mayer-Foulkes (2005) where conclude three
convergence groups: R&D leaders, implementation and stagnation.

Their progress is monitored by Eurostat. Concretely, the EU published ‘Sustainable
development in the European Union. A statistical glance from the viewpoint of the UN
sustainable development goals’, which contained indicators such as the expenditure on
research and development or the R&D intensity, the eco-innovation index and the
employment in high and medium-high manufacturing.

The EU programme for the Competitiveness of Enterprises and Small and Medium-sized
Enterprises.

See Pinto and Rodrigues (2010) for an empirical study on the impact of regional
strategies on innovation in the EU in the period 1994-2001. In addition, Hall et al.
(2009) provided an excellent review of the returns of R&D.

In addition to the theories of regional development of Perroux (1950), Myrdal (1957)
and Kaldor (1981), which defended the divergence based on scale and
agglomeration economies.

For example, Mulas-Granados and Sanz (2008).

Filippetti and Peyrache (2013) studied the convergence in labour productivity and the
role of the technological gap in Europe for the period 1993-2007. They claimed policies
to diminish the gap in technology directed to innovation capabilities, quality of human
capital and education expenditure.

Recently, Churchill et al. (2019) study the convergence in OECD countries. In addition,
in a related literature, Co and Wohar (2004) analysed the convergence of invention
activities in US states through time series analysis, denoting the interest in the studies of
convergence techniques and innovation indicators.

Izsak and Radosevic (2017), using the Erawatch-TrendChart Inventory, concluded that
the R&D&I policies have reinforced the divergence between the northwest and the south
and the convergence between the northwest and the central-east. They analysed the EU28
and the period 2006-2013.

Reinstaller and Unterlass (2012) analysed and decomposed the BERD for the EU27,
concluding that the changes in the aggregate figures are driven by both within and
between effects, differently among countries.

Phillips and Sul (2007) suggested setting r=0.3 for T < 50.

Data extracted in September 2017. Note that previous data are not available for many
countries outside the EU-15.

Following the recommendation by one referee, we have also performed a club
convergence analysis with data in per capita terms, offering a complementary view. In
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order not to complicate the reading of the paper with many perspectives, the results are
presented in the Appendix A. In summary, there are few differences between the
categorization of countries, although the disparities achieved are highlighted in the
mentioned Appendix. The most remarkable difference is that the EU13 countries, with
the exception of Slovenia and the Czech Republic, are not classified in ‘high’ clubs of
convergence when the per capita analysis is performed. Note that those two countries are
among the few EU13 countries which increased population in the period.

Note that data by source of funds are not available for the 28 EU countries in this
period. They are only available since 2007. In any case, and following the
recommendation of one referee, we have performed a sigma convergence analysis to
observe the temporal evolution with data by source of funds. Again, in order not to
complicate the reading of the paper, results have been included in the Appendix B. In
short, the main conclusions are similar to the obtained with data by sector performance:
sigma convergence except the case of government.

Regarding this component, Moncada-Paterno-Castello et al. (2010) compared the private
R&D investment between the EU and the USA. The authors claimed that the lower
intensity for the EU is a result of the sector specialization or structural effect. In
addition, Archibugi and Filippetti (2018) alert about the possible adverse effects on
innovation of the increasing share of the private R&D to the detriment of the public one.
Note that the sum of the three components is not exactly the total due to a fourth sector
not being included in this study: the private non-profit sector, with values near zero.
Concretely, in 2015, this sector represented 0.01 per cent. It should be also noted that
government and higher education could be considered jointly to face only two sectors,
but we believe that the disaggregated analysis is more informative.

The weighted average in the EU28 was 2.03 per cent in 2015 and 1.75 in 2004.

In the firm framework, recently Nie and Wang (2019) theoretically analysed the effects of
capacity constraints on innovation, concluding that firms with lower efficiency levels
launch more innovation and produce more outputs than firms with higher efficiency
levels. Hence, the interaction of innovation and efficiency differences may be relevant in
the business sector.

Concretely, the deficit in 2009 in Greece, Spain, Ireland, Portugal and the United
Kingdom was 15.1, 11.0, 13.8, 9.8 and 10.1 per cent of the GDP, respectively. In addition,
the transition to the equilibrium was especially complicated, with the exception of
Ireland, as denoted by the deficit indicators in 2015: 5.7, 5.3, 1.9, 44 and 4.3,
respectively.

See Huergo and Garcia-Vega (2018) for a recent discussion about the internationalization
of R&D and its effects.

In an interesting study about innovation and economic growth in the EU regions,
Verspagen (2010) reached four groups, denoting the heterogeneity in this regard. In
addition, Foddi and Usai (2013), through data envelopment analysis and Malmquist
indexes, and for EU regions, detected notable differences in the regional knowledge
performance between the rich and industrialized countries of the Old Europe and the
new member states.

Regarding the income convergence and the role of innovation and other factors and the
differences between EU15 and EU13, Chapman and Meliciani (2017) concluded growing
divergence across old members regions and within new members regions.
Rodriguez-Pose and Crescenzi (2008) revised the effect of innovation on economic
growth in EU25 regions, showing the importance of the local socio-economic conditions
for the genesis and assimilation of innovation and its transformation into economic
growth, and of proximity for the transmission of productive knowledge as spillovers are
affected by distance decay effect. In addition, Capello and Lenzi (2013) analysed the EU
regions and concluded 5 clusters regarding innovation patterns. And Capello and Lenzi
(2014) carried out an interesting discussion about the different effects of invention (new
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ideas and knowledge creation) and innovation (commercialization of new ideas) on
economic growth and the implications for the EU regions.
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Appendix A. Convergence with per capita data

The main results from the sigma convergence analysis are represented in Figure Al and the
corresponding test included in Table Al. As in the GDP perspective, we observe sigma conver-
gence in all cases except government (significantly divergent), being more intense in the busi-

ness enterprise case, with an annual rate of —1.49 per cent.

The results from the club convergence study are summarized in Table A2. Now the coun-
tries are clustered into three categories in the total expenditure, being two in the

GDP approach:

With the aim to compare the results between the GDP and per capita terms, Table A3

summarizes the main results.

1.4
1.2 = — o ===
1.0 o I e e
0.8 i
0.6
0.4
0.2
0.0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
All sectors == == Government sector
== = Business enterprise sector s+« e« Higher education sector
Source: own elaboration.
Figure A1. Sigma convergence (per capita expenditure, EU28).
Table A1. Test of sigma convergence (per capita, EU28).
Business Higher
All sectors Conv. Govern. Conv. enterprise Conv. education Conv.
a 1.0383 Yes 0.7321 No 1.2080 Yes 0.9656 Yes
R (257.78) (24.59) (128.38) (55.65)
B —0.0125%** 0.0369%** —0.0202*** —0.0061**
(—22.87) 9.11) (—15.81) (—2.59)
R? 0.9812 0.8926 0.9615 0.4009
v (%) —-1.25 3.03 —1.49 —1.00

Source: Own elaboration. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. t-statistics

are between parentheses.
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Table A2. Convergence club results — per capita expenditure.

Club Countries Type t b(se) &
a) Total Full sample —23.898*% —0.623 (0.026) —0.311
Club 1 SE, DK, AT, FI, DE High-+ 1.728 0.228 (0.132)  0.114
Club 2 LU, BE, NL, FR, UK, IE, SI, CZ High 1311 0.128 (0.098)  0.064
Club 3 IT, ES, EE, PT, SK, MT, EL, HU, Low —0.137  —0.023 (0.165) —0.011
LT, PL, CY, HR, LV, BG, RO
b) Government Full sample —14.077* —1.507 (0.107) —0.753
Club 1 NL, FR, FI, BE, CZ, SK, MT Medium-+ 0.866 0.320 (0.370)  0.160
Club 2 AT, SI, ES, SE, IT, UK, EL, DK, PL, EE Medium— 0.443 0.116 (0.262) 0.058
Club 3 IE, LT, HR, HU, LV, RO Low-+ 2.254 0.740 (0.328) 0.370
Club 4 PT, CY, BG Low— 1.897 2.073 (1.093) 1.036
Diverging LU, DE High
) Business Full sample —30.965* —0.488 (0.016) —0.244
enterprise Club 1 SE, DK, AT, DE, FI, BE, High 1.845 0.086 (0.046) 0.043
LU, FR, IE, NL, UK, SI
Club 2 IT, CZ, ES, HU, EE, MT, PL, SK, BG  Low+ 3.945 0.282 (0.072)  0.141
Club 3 PT, EL, HR, LT, CY, LV, RO Low— 0.324 0.082 (0.255) 0.041
d) Higher Full sample —21.749% —0.861 (0.040) —0.430
education Club 1 DK, SE High+ —0.495 —0.413 (0.834) —0.206
Club 2 FI, NL, LU, AT, DE, BE, FR, IE High 0.121 0.007 (0.055)  0.003
Club 3 UK, PT, EE, IT, ES, CZ, SK, LT, Low 0.293 0.041 (0.139) 0.020
EL, MT, CY, SI, LV, PL
Club 4 HR, HU Low— 0.968 1.860 (1.923)  0.830
Club 5 RO, BG Low— 2.021 2.339 (1.157) 1.170

* Indicates rejection of the null hypothesis of convergence at the 5 per cent level. © Average 2011-2015.
Source: own elaboration.

Table A3. Comparison of main results from GDP and per capita perspectives
total.

Per capita %GDP High+ High Low
High AT, FI, SE, DE, DK BE, SI, NL, CZ SK
Low IE, LU, FR, UK BG, EE, EL, ES, HR, HU, IT, CY,

LV, LT, MT, PL, PT, RO

Notes: we observe two major results: IE, LU, FR and UK are classified into the low group in the GDP approach, but in
the high one in per capita expenditure. On the contrary, SK, high in the GDP perspective but low in per capita terms.

Table A4. Comparison of main results from GDP and per capita perspectives government.

Per capita %GDP High Medium Low

High LU, DE CZ, SK, MT

Medium SI, FR, EL, NL, PL, FI, ES, BE, IT, EE, AT, DK, SE, UK HR, BG, RO, LT, HU, LV
Low PT, CY, IE

Notes: in this case the results are very similar from the two perspectives.

Table A5. Comparison of main results from GDP and per capita perspectives business enterprise.

Per capita %GDP High Low
High SE, AT, DE, FI, DK, BE, SI, FR, NL, UK, IE CZ, BG, HU, PL, IT, EL, ES
Low LU EE, PT, HR, MT, SK, LT, RO, LV, CY

Notes: we detect two main differences: on the one hand, CZ, BG, HU, PL, IT, EL and ES, with high data in the GDP
perspective, but low when considering the per capita measures. And on the other hand, LU with the inverse result.

A3.4. Table A6. Comparison of main results from GDP and per capita perspectives
higher education.

Per capita %GDP High Low

High DK, SE, AT, FI EE, SK, LT, CZ

Medium NL, BE, FR, DE, LU PT, EL, MT, UK, IT, LV, PL, CY
Low IE ES, SI, HR, HU, RO, BG

Notes: in this case two major differences arise: EE, SK, LT and CZ, high in the GDP approach, but low in the per cap-
ita perspective; and IE with the contrary case.
Source: own elaboration.
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Appendix B. Sigma convergence with data by source of funds
The results from the sigma convergence analysis from data by sources of funds for the period
2007-2015 and the EU28 are summarized in Figure Bl and Table Bl. In short, the results are

very similar to those obtained in the GDP approach: we observe a sigma convergence in all
the series except the government, again clearly divergent.

1.2
1.0

0.6

0.2

0.0
2007 2008 2009 2010 2011 2012 2013 2014 2015

e Al sectors = == (Government sector

=« Business enterprise sector «+++++ Higher education sector

Source: own elaboration.

Figure B1. Sigma convergence (source of funds, EU28).

Table B1. Test of sigma convergence (source of funds, EU28).

Business Higher
All sectors Conv. Govern. Conv. enterprise Conv. education Conv.
a 0.6391 Yes 0.3897 No 0.8666 Yes 0.9896 Yes
N (92.30) (36.30) (41.47) (34.93)
B —0.0135%** 0.0075%** —0.0147%** —0.0233%**
(—=11.00) (3.92) (—3.95) (—4.63)
R 0.9453 0.6874 0.6902 0.7537
v (%) —2.02 1.68 —1.20 —261

Source: Own elaboration. ***, ** and * denote significance at the 1%, 5% and 10% levels, respectively. t-statistics
are between parentheses.
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